Objectives: Patients with major depressive disorder (MDD) and a comorbid anxiety disorder or significant anxiety symptoms have decreased functioning, increased risk of suicidality, and worse post-treatment outcomes. This pooled analysis of 8 duloxetine MDD trials was designed to determine whether early improvement in anxiety symptoms predicts MDD remission. Methods: Eight trials were pooled. Patients with a baseline 17-item Hamilton Rating Scale for Depression (HA-MD17) anxiety/somatization factor score ≥7 were considered to have anxious depression. Early response on the HAMD17 total score was defined as a 20% reduction at weeks 2 or 4, a 30% reduction at weeks 2 or 4, or a 50% reduction at weeks 2 or 4 in the HAMD17 anxiety subscale. Each category was analyzed separately for all patients. MDD remission is a score of ≤7 on the HAMD17 total score at study endpoint. Results: The early responder group in each analysis showed greater numerical improvement at endpoint on the HAMD17 total score than the nonresponder group. Duloxetine showed statistically significantly greater improvement than placebo in most nonresponder and responder subgroups. There were no statistically significant interaction effects for the difference between duloxetine and placebo for any of the anxious categories. Conclusion: Although patients who responded in the various response categories had greater numerical improvement and greater remission rates than nonresponding patients, the response and nonresponse groups did not differ statistically regarding the treatment effect of duloxetine. Therefore, early improve-* Corresponding author.
Introduction
Depression affects more than 350 million people worldwide and has a lifetime prevalence range of 10% to 15% (Lépine & Briley, 2011; World Health Organization, 2012) . Depression is the leading cause of disability worldwide and by 2020 is predicted to be second only to cardiovascular disease in overall disease burden worldwide (Lopez & Murray, 1998; World Health Organization, 2008) . Unfortunately, treatment of depression is often either nonexistent or inadequate in the majority of people with major depressive disorder (MDD) (Kessler et al., 2003; Lépine, Gastpar, Mendlewicz, & Tylee, 1997) . The percentage of people with MDD in the National Comorbidity Survey Replication study who were treated was only 51.6%; furthermore, only 41.9% of those patients received adequate levels of treatment (Kessler et al., 2003) . The majority of patients who are not adequately treated for their symptoms will relapse (Bakish, 2001) . Studies have shown that relapse rates are much higher in patients with partial remission than in those who experience complete remission (Bakish, 2001; Pintor, Gastó, Navarro, Torres, & Fañanas, 2003) . In the treatment of depression, early symptom improvement may be a clinically useful indicator for successful treatment or treatment failure (Nierenberg, Qyitkin, Kremer, Keller, & Thase, 2004; Wade & Friis Anderson, 2006) . Some analyses have suggested that early drug-specific symptom improvement is predictive of greater overall response and symptom resolution at endpoint (Nierenberg et al., 2004; Wade & Friis Anderson, 2006) .
Anxious depression has been defined as people with MDD having a comorbid anxiety disorder or having high levels of anxiety symptoms (Fava et al., 2004) . The frequency of a comorbid anxiety disorder or significant levels of anxious symptoms in people with MDD is approximately 50% (Fava et al., 2004; Kessler et al., 1996 Kessler et al., , 2003 . A significant percentage of patients with MDD have comorbid anxiety disorders, such as generalized anxiety disorder (GAD), social phobia, and posttraumatic stress disorder (Rush et al., 2005; Zimmerman, Chelminski, & McDermut, 2002) . Anxious depression has been shown to be associated with increased symptom severity, worse functioning, greater risk of suicidality, and higher rates of unemployment (Farabaugh et al., 2012; Nelson, 2008) . People with anxious depression tend to have worse outcomes than patients with nonanxious depression, including a reduced likelihood of response and remission, increased rate of side effects, and slower rate of recovery from an MDD episode (Fava et al., 2008; Nelson, 2008) . Among other variables, residual anxiety symptoms, high baseline levels of anxiety, or having a comorbid anxiety disorder have been shown to predict relapse or recurrence of MDD (Dombrovski et al., 2007; Parker, Wilhelm, Mitchell, & Gladstone, 2000; Wilhelm, Parker, Dewhurst-Savellis, & Asghari, 1999; Yang et al., 2010) .
A recent study found that the severity of anxiety at baseline adversely affected depression severity at 12 months and that a reduction of anxiety within the first 3 months leads to additional improvement in depression (Bair et al., 2013) . Few studies in MDD patients have evaluated whether early onset of improvement in anxiety symptoms results in higher rates of remitted depression. A 12-week study of active treatment in patients with MDD found that early change (1 week) in items of the 17-item Hamilton Rating Scale for Depression (HAMD 17 ) (Hamilton, 1960) anxiety/somatization factor was predictive of achieving remission at endpoint for only item 13 (general somatic symptoms) but not for the other items (Farabaugh et al., 2005) . In a post-hoc analysis of a different study, only early improvement in item 12 (gastrointestinal somatic symptoms) was significantly predictive of MDD remission, although item 13 just missed reaching statistical significance (Farabaugh et al., 2010) . A study by Davidson, Meoni, Haudiquet, Cantillon and Hackett (2002) found that the serotonin-norepinephrine reuptake inhibitor (SNRI) venlafaxine was significantly better than placebo in achieving remission in severely anxious-depressed patients, whereas the selective serotonin reuptake inhibitor (SSRI) fluoxetine did not separate from placebo. Similarly, another study showed that venlafaxine improved psychic anxiety better than SSRIs (Silverstone, Entsuah, & Hackett, 2002) . Katz and colleagues (2004) found that antidepressant drugs with pharmacologically different mechanisms of action produced different early therapeutic effects. Duloxetine is an SNRI that has been approved for the treatment of MDD and GAD in many countries worldwide. Duloxetine has shown early separation from placebo (within the first 2 weeks of treatment) on core depressive systems, including depressed mood, guilt, suicidal ideation, psychomotor retardation, and psychic anxiety (Hirschfeld, Mallinckrodt, Lee, & Detke, 2005; Shelton et al., 2007) . In a post-hoc analysis of a double-blind, placebo-and active-controlled study of duloxetine in patients with MDD, several items and factors of the HAMD 17 that showed early improvement were predictors of sustained MDD remission (Katz, Meyers, Prakash, Gaynor, & Houston, 2009) . However, the analysis was done in all patients and not separately in anxious and nonanxious patients. In the current post-hoc analysis, 8 randomized, placebo-controlled, duloxetine trials in MDD having a duration of 4 to 12 weeks were pooled to assess whether early improvement in anxiety symptoms resulted in greater rates of MDD remission. In this analysis, patients were considered to have anxious depression if they had a HAMD 17 anxiety/somatization factor subscale score of ≥7 at baseline (Fava et al., 2008) . This definition of anxious depression has been used in previous studies, including analyses of the Sequenced Treatment Alternatives to Relieve Depression (STAR * D) trial (Farabaugh et al., 2012; Fava et al., 2008) . Using this definition of anxious depression, patients from the 8 pooled duloxetine MDD trials were assigned to either having or not having anxious depression. The primary objective of this study was to determine whether early improvement in anxiety symptoms predicted remission of MDD.
Materials and Methods

Study Design
Data were pooled from 8 randomized, double-blind, placebo-controlled trials of duloxetine for the treatment of MDD conducted by Eli Lilly and Company ( Table 1) . The 8 studies took place from November 2000 to March 2011. Data were taken from short-term studies and from the acute-treatment phase of those studies that had extensions. Relapse studies are not included in the analysis set. Although patients were randomized to the 60 to 120 mg/day arm of duloxetine in some studies, patients randomized to duloxetine arms ˃60 mg/day were excluded from these analyses. The HAMD 17 scale had to have been included in the study. These 8 studies comprised the full set of appropriate and available placebo-controlled studies at the time this work was initiated.
All study protocols were developed in accordance with the ethical standards of Good Clinical Practice and the Declaration of Helsinki. Before studies began, all patients provided written informed consent, and each clinical study site's institutional review board approved the protocol
Patient Population
Patients were ≥18 years, male or female outpatients with MDD as defined by criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) or DSM, Fourth Edition Text Revision (DSM-IV-TR). Patients were excluded from each study if they had any current primary psychiatric or neurologic diagnosis other than MDD, including any anxiety disorder (1 study allowed mild dementia); had a serious HMFS: only first 12 weeks of study included in the analyses. b. Patients randomized to duloxetine arms greater than 60 mg/day were excluded from these analyses. medical illness; had a history of substance abuse or dependence within 1 year of study entry; or had a positive urine drug screen. Details for each study can be found in the primary publication ( Table 1) . A total of 2630 patients from the 8 studies were included in the present study. Patients were analyzed (grouped) based on whether they were considered to have anxious depression. Anxious depression in the current analyses was defined as a HAMD 17 anxiety/somatization factor score ≥ 7 at baseline (Fava et al., 2008) .
Outcome Measures
The primary outcome measure for these analyses is the HAMD 17 total score. Response was defined as ≥50% improvement from baseline to endpoint on the HAMD 17 total score. Remission was defined as a score of ≤7 on the HAMD 17 total score at endpoint. The 6-item HAMD 17 anxiety/somatization subscale consists of the sum of items 10 (psychic anxiety), 11 (somatic anxiety), 12 (gastrointestinal somatic symptoms), 13 (general somatic symptoms), 15 (hypochondriasis), and 17 (insight). Several other scales were measured at baseline to determine whether there were significant differences between the anxious and nonanxious subgroups. These included the following HAMD 17 subscales: Maier, Retardation, Sleep, Bech, and Mood. Other scales included the Montgomery-Åsberg depression rating scale (MADRS) (Montgomery & Asberg, 1979) , the Sheehan Disability Scale (SDS) (Sheehan, Harnett-Sheehan, & Raj, 1996) to assess functional impairment, the Brief Pain Inventory (BPI) (Cleeland & Ryan, 1994) to assess pain and functioning, the Clinical Global Impression of Severity (CGI-S) (Guy, 1976) to measure overall improvement, and the Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1959) .
Statistical Analyses
The continuous endpoints were analyzed using analysis of covariance (ANCOVA) via the following approach: one ANCOVA model was calculated for each study with the fixed effects including treatment, anxious (y/n), treatment by anxious (y/n) interaction, and baseline score of the endpoint evaluated as covariates. For logistic regression analyses, an additional model included all 2-and 3-way interactions between treatment, study, and anxious (y/n) to check for heterogeneity. Effect sizes in each model were calculated for least squares (LS) mean differences, divided by the standard deviation (SD) of the residuals provided by the model of this study. Overall LS mean estimates and effect sizes were calculated as a weighted mean of the corresponding estimates in all studies, with weights based on within-study variance, assuming a fixed study effect. The binary outcomes were analyzed using logistical regression adjusting for study within the anxious and nonanxious patients. The impact of anxiety being present or not at baseline on the treatment response of the endpoints will be described. The mean changes in HAMD 17 total score, items, and subscales were assessed via last observation carried forward to endpoint. Early response on the HAMD 17 total score was defined as one of the following: a 20% reduction at weeks 2 or 4, a 30% reduction at weeks 2 or 4, or a 50% reduction at weeks 2 or 4 in the HAMD 17 anxiety/somatization subscale score. Each of these 6 categories was analyzed separately for all patients. Remission of MDD is a score of ≤7 on the HAMD 17 total score at endpoint. Fixed effects using ANCOVA for mean changes in HAMD 17 total score, subscales, and items and logistic regression for binary endpoints, including study, treatment, anxious (y/n), and baseline score of the endpoint, were evaluated. An additional logistic regression model included all 2-and 3-way interactions between treatment, study, and anxious (y/n). Because this was a post-hoc analysis, no adjustment for multiplicity was made and results should be interpreted as being exploratory in nature. All confidence intervals (CIs) presented were 95% CIs, and statistical significance was defined as a p-value <5%. All analyses were performed using SAS software version 9.2 software (SAS Institute, Cary, NC).
Results
The mean age of patients (N = 2630) was 50.1 years (SD = 17.5 years), with the majority of patients being female (64%) and Caucasian (75%). Baseline patient characteristics for anxious and nonanxious-depressed patients are shown in Table 2 . There were statistically significant differences between the groups for gender, race, geography, and all efficacy measures. The percentage of patients completing the studies in which they were enrolled was not significantly different between the anxious and nonanxious groups ( Table 3) . The most common overall reasons for discontinuing the study were adverse event (8%) and subject decision (6%). Abbreviations: BPI = Brief Pain Inventory; CGI-S = Clinical Global Improvement of Severity; HAMA = Hamilton Anxiety Scale Scores; HAMD17 = 17-item Hamilton Rating Scale for Depression; MADRS = Montgomery-Åsberg depression rating scale; MDD = major depressive disorder; SD = standard deviation; SDS = Sheehan Disability Scale; Tx = treatment; USA = United States of America. Overall, the percentage of patients attaining a 50% response rate at endpoint was 38.2% (duloxetine, 42.9%; placebo, 30.3%) in the nonanxious group and 38% (duloxetine, 41.7%; placebo, 32.6%) in the anxious group. The percentage of patients attaining remission status at endpoint was 32.5% (duloxetine, 36.2%; placebo, 26.3%) in the nonanxious group and 20.3% (duloxetine, 22.9%; placebo, 16.6%) in the anxious group. The LS mean difference between duloxetine and placebo on the HAMD 17 total score was -1.94 (standard error [SE] = 0.39) for the nonanxious group (duloxetine, -7.70; placebo, -5.77) and -2.26 (SE = 0.40) for the anxious subgroup (duloxetine, -8.30; placebo, -6.31 ). The LS mean change treatment difference within each group was statistically significant (both p < 0.0001), but the interaction effect between treatment and anxious group was nonsignificant (p = 0.575). The odds ratio (95% CI) of duloxetine versus placebo for achieving a 50% response rate at week 8 was 1.740 (95% CI: 1.371, 2.209) for the nonanxious group and 1.508 (95% CI: 1.192, 1.909) for the anxious group. The odds ratio (95% CI) for reaching remission at week 8 was 1.596 (95% CI: 1.240, 2.054) for the nonanxious group and 1.589 (95% CI: 1.187, 2.127) for the anxious group. The interaction effect between the treatment and anxious group was nonsignificant for both the response and remission rates.
The mean change in the HAMD 17 total score based on response status and week is shown in Figure 1 . The responder subgroup in each analysis showed greater improvement at endpoint than the nonresponder subgroup. Moreover, duloxetine showed statistically significantly greater improvement than placebo in most (9 of 12) of the nonresponder and responder subgroups (Figure 1) . However, there were no statistically significant interaction effects for the difference between duloxetine and placebo for any of the response categories. That is, the difference between duloxetine and placebo for nonresponder and responder subgroups was not significantly different within each of the 6 early-response categories. Table 4 presents the odds of whether placebo-or duloxetine-treated patients (early responders and nonresponders) have a greater chance of obtaining a 50% response rate at endpoint. In all cases, duloxetine-treated patients had greater odds of achieving response at endpoint compared with placebo, although only a few reached statistical significance. Figure 2 shows the percentage of patients (early responders and nonresponders) who reached a 50% response rate at endpoint for each of the response categories. The odds ratios for early responders and nonresponders in reaching remission showed that duloxetine had numerically greater odds of doing so than placebo in all categories, although only 5 were statistically significant ( Table 5 ). Figure 3 shows the percentage 
Discussion
Overall, there was not a significant interaction effect between the treatment and anxious group for both response and remission. That is, the difference between placebo and duloxetine in the 2 groups was similar; thus, having Abbreviations: CI = confidence interval; HAMD17 = 17-item Hamilton Rating Scale for Depression. Total number of patients: duloxetine = 774; placebo = 525. Odds ratio is based on duloxetine versus placebo. a Duloxetine is statistically significantly more likely than placebo to achieve a 50% response rate at endpoint. Abbreviations: CI = confidence interval; HAMD17 = 17-item Hamilton Rating Scale for Depression. Total number of patients: duloxetine = 774; placebo = 525. Odds ratio is based on duloxetine versus placebo. a Duloxetine is statistically significantly more likely than placebo to achieve remission at endpoint.
anxious depression did not result in significantly lower response and remission rates than patients without anxious depression under duloxetine treatment. Similar to previous studies (Fava et al., 2008) , patients with anxious depression were significantly more depressed as measured on both the MADRS and HAMD 17 depression scales than patients with nonanxious-depression. Anxious patients also experienced worsened functioning, global impairment, and significantly higher levels of pain. It has been shown that longer duration of an MDD episode (Judd et al., 2000; Keller, Lavori, Rice, Coryell, & Hirschfeld, 1986) and/or a greater number of previous MDD episodes (Bulloch, Williams, Lavorato, & Patten, 2014; Kessing, Hansen, Andersen, & Angst, 2004; Lin et al., 1998) may result in patients being harder to treat. However, this does not necessarily imply that the difference between active and placebo treatment is changed, as observed in a recent analysis of pooled duloxetine studies (Dodd, Berk, Kelin, Mancini, & Schacht, 2013) . In our pooled analysis, the anxious-depressed group showed nonsignificant differences from the nonanxious group for both of these baseline illness parameters. Pain levels were significantly higher in the anxious-depression group compared with the nonanxious group. Pain has been shown to be a predictor of relapse (Montgomery & Asberg, 1979) and predictor of longer time to remission (Karp et al., 2005) . However, response and remission rates were similar between the anxious and nonanxious groups, although it is unknown whether relapse rates would have differed between the 2 groups based on the acute studies included in the current analysis.
Although anxious-depressed patients who met response criteria at each of the cutoffs showed much higher response and remission rates than those anxious-depressed patients who did not meet the response criteria, none of the early-response categories was found to predict significantly better endpoint remission rates under duloxetine treatment. That is, the difference between placebo and duloxetine for the responder groups was not significantly different from the comparable nonresponder group. Thus, patients with anxious depression meeting response criteria was a prognostic factor for greater mean change in depression scores, as well as better response and remission rates at endpoint, but it was not predictive of improved depressive outcomes (duloxetine vs. placebo).
The anxious-depressed patients in these analyses had a mean HAMD 17 anxiety/somatization score of 8.3. The amount of anxiety these patients experienced may not be high enough to observe increased remission rates in early responders. Many patients with MDD often have much higher levels of anxiety symptoms or have a comorbid anxiety disorder (Fava et al., 2004; Kessler et al., 1996 Kessler et al., , 2003 , and these patients might be a better population to study to answer the question of whether an early response in anxiety symptoms leads to increased remission rates of MDD. A mean score of 8 (24 is maximum) on the HAMD 17 anxiety/somatization score is actually fairly low even though a score of ≥7 is considered to qualify a patient as having anxious depression (Fava et al., 2008) .
One limitation of this study was that these were post-hoc analyses. The clinical trials had a number of exclusions, such as comorbid psychiatric disorders and various other medical illnesses. Thus, one should be cautious in extrapolating these results to the general population of patients with MDD. However, there are several strengths to these analyses, including that the pooled data all came from randomized, double-blind, placebo-controlled trials. The analyses contained a sizable number of patients, including 1331 patients without anxious depression and 1299 patients with anxious depression. Importantly, the study designs of the 8 clinical trials used in these pooled analyses were similar, including most of the inclusion and exclusion criteria.
Conclusion
In this pooled analysis of duloxetine MDD studies, anxious-depressed patients who responded early in their anxiety symptoms showed higher rates of response and remission compared with patients who did not show early improvement in anxiety symptoms. However, the differences between placebo and duloxetine were not significantly different in the response and nonresponse subgroups; thus early response in anxiety symptoms was a prognostic factor for greater endpoint remission of MDD symptoms, but it was not a predictor of greater endpoint remission for duloxetine. This was true for each of the 6 response categories.
